The present investigation was undertaken to evaluate the influence of Cd on the reduced glutathione (GSH) and lipid peroxidation in liver and in red blood cells of mice. Ex periments were done on outbred white laboratory mice using intraperitoneal injections of CdCl 2 solution (14 μmol Cd/kg body mass). The exposure-time was 2 h, 8 h, 24 h and 14 days. GSH was measured by reaction with 5,5'-dithiobis (2-nitrobenzoic acid) (DTNB) to give a compound that absorbs 412 nm light wavelength. Lipid peroxides were es tima ted by measuring thiobarbituric-acid-reactive subs tan ces and were expressed as malondialdehyde (MDA). Our results in dicate that at the 8 th h the content of GSH in mice liver sig nificantly increased by 35%, meanwhile in red blood cells the content of GSH exceeded the control level at the 2nd h, 8 th h and 24 th h by 19%, 35% and 18%, respectively. After 14 days of injections of CdCl 2 solution the content of GSH in liver and in red blood cells of mice decreased by 32% and 29% respectively, compared to the control group of mice. Fur ther experiments were carried out in order to examine the influence of Cd ions on the content of MDA in liver and in red blood cells of mice after 2 h, 8 h, 24 h and 14 days of in jections of CdCl 2 solution. The results indicate that at the 8 th h and 24 th h MDA content in mice liver was significant ly increased by 236% and 118%, respectively. Meanwhile MDA content in mice red blood cells in all time points was at the control level.
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INTRODUCTION
Contamination of the environment with heavy metals and their potential toxicity, have re ceived increasing interest. Concern about health effects of cadmium (Cd) mainly relates to the carcinogenic, teratogenic and mutage nic action of this metal. Cd has been recognized as one of the most toxic environmental and in dustrial pollutants (Shadi et al., 2001 ). The bio logical half-life in humans of this metal is more than 20 years. Progressive accumulation occurs, and there is no effective endogenous Cd elimination mechanism. The main storage organs of this metal are the liver and kidneys (Waisberg et al., 2003 The present study was conducted to evaluate the effect of Cd ions on the content of reduced glutathione and malondyaldehide (MDA) (marker of lipid peroxidation) in the liver and red blood cells of mice.
MATERIALS AND METHODS
Experiments were done on 4-6-week old outbred white laboratory mice weighing 20-25 g. All experiments were performed according to Law of the Republic of Lithuania on the Care, Keeping and Use of Animals (License of State Veterinary Service for Working with Labora tory Animals No. 0136).
We have chosen the model of acute singledose injection (2 h, 8 h and 24 h) and the model of sub-acute prolonged 14-day injections of CdCl 2 solution (14 μmol Cd/kg body mass).
Determination of reduced glutathione in mice liver and in red blood cells Determination of GSH concentration was carried out according to Moron (Moron et al., 1979) . Removed mice livers were weighed and ho mogenized in 6 volumes (weight: volume) of 5% trichloracetic acid (TCA) solution. The ho mogenate was centrifuged at 10 000 × g for 7 min to obtain GSH-containing supernatant. 0.2 ml of the supernatant was combined with 2 ml of 0.6 mM DTNB in 0.2 M phosphate buffer (pH 8.0) and 0.8 ml of phosphate buffer were added to make the final volume of 3 ml. Light absorbance of the solution was detected at 412 nm of wavelength. A mixture of buffer ed DTNB solution containing 0.2 ml of 5% TCA was used as reference. GSH concentration was expressed as μmol/g of wet liver weight.
GSH in red blood cells was determined by method of Sedlak (Sedlak et al., 1968 ). For mea surement 1 ml sample of the supernatant was added to 3 ml 0.4 M Tris-HCl buffer (pH 9.2) and 0.5 ml DTNB solution in ethanol (3.7 mg/1 ml). Color intensity was determined spec trophotometrically at wave 412 nm. GSH content in red blood cells was expressed in μmol/l.
Determination of malondialdehyde in mice liver and red blood cells
Lipid peroxides were estimated by measur ing thio barbituric-acid-reactive substances and we re expressed as MDA content in nmol/g of wet li ver weight (Uchiyama et al., 1978) . The liver was removed and homogenized with 9 volumes (weight: volume) of cold 1.15% KCl to make 10% homogenate. 3 ml of 1% H 3 PO 4 and 1 ml of 0.6% thiobarbituric acid aqueous solutions were added to 0.5 ml of this homogenate. The mixture was heated for 45 min in a boiling water bath. After cooling, 4 ml of n-butanol were added and mixed vigorously. The butanol pha se was separated by centrifugation. The light absorbance of supernatant was determined at 535 and 520 nm wavelength.
For MDA determination in red blood cells the samples were combined of 2 ml H 2 O, 0.1 ml red blood cells mass, 1 ml 10% trichloracetic acid, 2 ml of 0.5% TBA and mixed well with a glass rod. The samples were placed in the boiling water bath for 30 min. After cooling, the samples were centrifuged at 3 000 × g for 15 min; the supernatant absorbance was evaluated at 540 nm. MDA in red blood cells expressed as μmol/l (Stalnaja et al., 1977) .
Statistical analysis
All results were expressed as the mean ± standard error of mean. Statistical significance was set at p < 0.05. Statistical analysis was per formed using a statistical software package (Statistica 6.0).
RESULTS
Specific functions of GSH may be elucidated by studies in which the cellular levels of GSH are experimentally decreased or increased. In the present work we have used this approach to learn whether this tripeptide protects against Cd toxicity. GSH forms complexes with several heavy metals and thus might function in protection of cells against metal toxicity (Kowalewska et al., 2001 ).
The effects of Cd ions on the content of GSH in mice liver and red blood cells after 2 h, 8 h, 24 h and 14 days of injections of CdCl 2 solution are shown in Fig. 1 . Our re sults indicate that at the 8th h the content of GSH in mice liver significantly increased by 35%, meanwhile in red blood cells the con tent of GSH exceeded the control level at the 2nd h, 8 th h and 24 th h by 19%, 35% and 18%, respectively. After 14 days of injections of CdCl 2 solution, the content of GSH in the liver and red blood cells of mice decreased by 32% and 29% as compared to the control mice group, respectively. Some toxic effects of Cd seem to be indirect and due, at least in part, to oxidative stress promoted in response to this ion. As a result, lipid peroxidation can occur. This is a chain reac tion in which polyunsaturated fatty acids of cell membranes are oxidized through Cand O-centered radicals and hydroperoxy-inter mediates to yield various products, in cluding epoxy-fatty acids, alkanes, alkenes and aldehydes (e. g. MDA). Determining the level of MDA is usually the most practical and reliable method for detecting and screening oxi dative stress (Nair et al., 2008) .
Further experiments were carried out in or der to examine the influence of Cd ions on the content of MDA in the liver and red blood cells of mice after 2 h, 8 h, 24 h and 14 days of injections of CdCl 2 solution (Fig. 2) .
The results indicate that at the 8 th h and 24 th h, MDA content in mice liver was significantly increased by 236% and 118%, respectively. Meanwhile MDA content in mice red blood cells in all time points was at the control level.
DISCUSSION
Our experiments showed that Cd ions in creased the content of GSH in mice liver (at the 8 th h) and red blood cells (at the 2nd h, 8 th h and 24 th h) after injection of CdCl 2 solution. GSH content increase may be linked to increased activities of GSH-dependent en zy mes, inclu ding glutathione peroxidase, glu ta thione reductase and γ-glutamylcysteine syn thetase, which is the rate-limiting enzyme for the synthesis of GSH (Waisberg et al., 2003) . After 14 days of injections of CdCl 2 solution, GSH content decreased in mice liver and red blood cells. Cd ions cause an increase in reactive oxygen species (ROS), which cause irreversib le damage to various biomolecules. ROS cause a substantial decrease in GSH content along with depletion of other defenses, such as superoxide dismutase and catalase (Kowalewska et al., 2001; Waisberg et al., 2003) . Thus, 14 days exposure to Cd ions is associated with depletion of hepatic and red blood cells content of GSH. The hepatic GSH depletion may also be associated with the protection against endogenous oxygen radi cals and the synthesis of MT. Although MT synthesis requires cysteine, which may be derived from the breakdown of GSH, there is no evidence that GSH itself has an additional function in MT formation (Bernotiene et al., 2012) . GSH depletion leads to cell death, and may be the ultimate factor determining vulnerability to oxidant attack (El-Marghy et al., 2001 ).
Lipid peroxidation is one of the main manifestations of oxidative damage and has been found to play an important role in the toxicity of many xenobiotics (Kara et al., 2005) . The data obtained in our study (see Fig. 2 ) confirm h and  24 th h by 236% and 118%, respectively, and it may be linked to inactivation or decrease of levels of detoxifying antioxidant enzymes (catalase, superoxide dismutase, glutathione reductase and glutathione peroxidase) involved in antioxidant defense system by binding to their sulfhydryl groups, inducing an increased production of free radicals (hydroxyl radicals, superoxide anions, nitric oxide, hydrogen peroxide). Lipid peroxidation is, in turn, a source of ROS (Bagchi et al., 2000) .
At acute Cd ions intake, the induction of lipid peroxidation has been reported to be the reason for Cd ions intoxication and has hence been demonstrated to cause generation of free radicals in early Cd ions intoxication, but if the metal effect is maintained for a longer period of time (2 weeks), the content of MDA decreases. It may be related to the adaptation of cells to Cd ions exposure (El-Maraghy et al., 2001; Ognjanovic et al., 2008) . However, in our experiments we have failed to get statistically significant decrease in MDA content in mice liver and red blood cells (Fig. 2 ) after 14 days of Cd ions exposure. It may be that in our experimental conditions inhibition of lipid peroxidation starts at a later time.
